The nonrelativistic energies of the homonuclear ion T + 2 are calculated for the ground state using the Lagrange-mesh method as was done for the isotopomers H 
INTRODUCTION
The molecular ion T + 2 composed of two tritium nuclei (tritons) and one electron is the heaviest isotopomer of H + 2 . This three body system is the less studied molecular ion in the family of three-body molecular systems with Coulomb interaction composed of protons, deuterons, tritons and one electron. A complete quantitative description has been done is some papers mainly for the ground state (v = 0 and L = 0). For this state, a complete list of various geometrical and energetically properties were obtained by Frolov [1, 2] . Polarizabilities and energies were calculated with high precision by Yan et al. [3] not only for the ground state but also for the lowest P state. In 2004 Yan et al. [4] reported non relativistic energies for those states with vibrational quantum number v = 0 and L ranging from 2 to 12. However, at present time, the number of rotational-vibrational bound states supported by the ground state is not known.
The goal of this paper is to present a systematic description of the spectra for the lowest four vibrational states v = 0, 1, 2, 3 and all the bound rotational states without considering the Born-Oppenheimer approximation. A few rotational states beyond the dissociation limit are also presented. In order to do that the Lagrange mesh method is applied in the same way that was done for the homonuclear systems H + 2 [5] and D + 2 [6] . This method is an approximate variational calculation using a basis of Lagrange functions and the associated Gauss quadrature. The main advantage of this method is its simplicity and high accuracy in the obtained energies and wave functions. With the analytical approximations for the wave functions provided by the Lagrange-mesh method allowed quadrupole transition probabilities are calculated. The CODATA 1986 fundamental constant m t = 5496.921 58 m e is used.
Because this method was applied successfully for the three body systems with Coulomb interaction H + 2 [5] , D + 2 [6] and HD + [7] the reader is referred to these references for details.
In Sec. I only the expression for the quadruple transition is presented. In Sec. II, energies are given for the lowest four vibrational levels over the full rotational bands and E2 transition probabilities are tabulated. Concluding remarks are presented in Sec. III. Throughout atomic units are used.
I. QUADRUPOLE TRANSITION PROBABILITIES
The electric quadrupole transition probability for spontaneous emission (E f < E i ) per time unit (the atomic unit of time is a 0 /αc ≈ 2.418 8843 × 10 −17 s) between an initial state i and a final state f is given by
where α is the fine-structure constant, S (2) if is the reduced matrix element and J i the total angular momentum of the initial state. The quadrupole oscillator strength is given by
The evaluation of the reduced matrix element S (2) if makes necessary to have the wave functions of the final and initial states. In our approximation, the wave functions are obtained using the Lagrange-mesh method. In order to apply this method, we use the center of mass coordinates. The six-dimensional wave function is presented as a product of two threedimensional functions, (i) a function carrying all the angular dependence, and (ii) a function describing the form of the triangle formed by the three particles. For this internal degrees of freedom, the function is expand in a three-dimensional Lagrange functions which are noting but a product of three one-dimension Lagrange functions. The size of each one-dimensional bases are indicated by N x , N y and N z . Because of the symmetry between the two centers N x = N y ≡ N. Three additional parameters h x , h y and h z are introduced in order to adjust the base to the physical problem. Due to the symmetry between the two centers h x = h y ≡ h. Any state is labeled by the total angular momentum L, the vibrational quantum number v and the parity π: (L π , v). For a detailed discussion see [5] [6] [7] .
II. T + 2 BOUND AND QUASIBOUND ENERGIES
The rotational-vibrational spectra of the molecular ion T + 2 is obtained using the Lagrange mesh method. Energies for the four lowest vibrational states (v = 0, 1, 2, 3) of the ground electronic state are presented in Table I . An important part of this work is to obtain the quadrupole transition probability per time unit, then, it is convenient to use a single threedimensional mesh for all states. An excellent accuracy is obtained when the size of the bases are chosen as N = 54 and N z = 18 and the scaling parameters as h = 0.08 and h z = 0.6.
In this paper the triton mass value m t = 5496.921 58 m e is used. The dissociation energy is then at E d = −0.499 909 056 5 a.u. The first line for each L-value in Table I presents accurate results presented by Frolov [2] and Yan et al [3] . The first rotational state (1 − , 0) was studied also by Yan et al [3] and the agreement is in the 13 significant digit. Energies of the excited states (L π , 0) for L ∈ (2, 12) are reported by Yan et al [4] and all of them have the same correspondence of 13 significant digits with our results.
Convergence for the energies was tested by changing the values of N and N z . The accuracies for the first, second and third rotational bands are 10 −11 , 10 −10 and 10 −9 , respectively.
The results demonstrate that the vibrational band with quantum number v = 0 supports 62 rotational states below the dissociation energy. The number of rotational states below the dissociation energy supported by excited vibrational bands decrease with the vibrational quantum number: 61, 60 and 58 for v = 1, 2, 3, respectively. The obtained spectrum is depicted in Figure 1 . 
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TABLE III -Continuation
L i (1 → 0) (2 → 0) (2 → 1) (3 → 0) (3 → 1) (3 → 2
and are displayed in 
III. MASS DEPENDENCE
The mass dependence in the binding energy has been widely studied for three body
Coulomb systems m 1 , m 2 and m 3 and in particular for the symmetric configuration where m 1 = m 2 (see for example [8] and [9] and references therein 
mesh approach, energies and several properties of the systems Ps − and ∞ H − were calculated in [10] . Results are presented in Table IV together with those of the molecular ion H Following Gur'yanov and Rebane [8] the ground state energy is expanded as follows
where 
which are in agreement to the parameters found in [8] . Increasing number of terms up to 7, we reproduce no less than 10 s.d. in energy (see Table IV ) with parameters C 1 = 0.64177988217, C 2 = 0.28534422820, C 3 = −0.18731634808,
.24388850969, C 6 = 0.33561102864,
The expansion f (β) (5) is an increasing function of β ∈ [0, 1] and is presented in Figure 6 . is presented with 13, 12, 11 and 10 significant digits using 54 mesh points in the x − y perimetric coordinates and 18 mesh points in the z perimetric coordinate. It is found that [6]). Table V presents a complete comparison between these systems.
Using the wave functions provided by the Lagrange mesh method it is easy to calculate the electric quadrupole transitions probabilities per second W
i→f . All possible transitions probabilities are presented with six significant digits. Quadrupole oscillator strength f Table V .
Qualitatively the behaviour of the electric quadrupole transitions W (2) resembles to that of the electric quadrupole oscillator strength (see Figures 2, 3 and 4) . Comparing with the 
is found, except at some points near to the minima and at the ends of the curves. As a consequence, the lifetimes of T Table IV. and 21 times, respectively.
In order to study the mass dependence for the ground state of three body systems, we Table 4 ). Expanding the energy as (4) and keeping 7 terms, n = 7, we reproduce no less than 10 s.d. 
